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x. umoWCTWff 
Thii it th« Mv«nth quartarly technical tummary  report issued 

by 80L and cover« the period October through DecMber 1966. Work 

previously completed or work currently in progreee is aentiened 

only as it relatea to anslyses coapleted during this reporting 

period. 

Anslyses performed, for which results hsv« been reported 

are discussed in Section it under descriptive headings,  section 

III containe a discus«ion of »he support and aerviee taaka per- 

foraed for in-houae project« snd for other VELA UMIPORM psrticipents. 

Appendix A is a listing of those orgenisetions receiving SIM. 

^sta services during this period; snd Appendix B containe «elected 

SDL report« which are repreaentative of the type« of analyaea aade 

by the Seiraic Data Laboratory. 

11 •  *ORK COMPLETED 

A.  finite Fourier Tranaforsi tHeorv and it« Application to the 
Computation of Convolution«. CorreUtion«. end fcectr« 

Pr«ctic«l «nd computational aspects of the theory of Fourier 

Trsnsforas hsve been examined in connection with varioua SDL reeearch 

analyse«.  The«e effort« have resulted m a «at of prograaa for per- 

forming operationa on time earlea baaed on the Cooley-Tukey (Refer- 

ences 1.2) hyper-rapid Fourier tranaform method.  Uaing this method, 

computation« on seismic array data euch aa the calculation of eon- 

volution«, correlationa, «pectra. «nd digital filter« heve been 

speeded up by factors of three or four and aosMtiass even ten.  Fol- 

lowing is s brief derrription of the procedures followed and the 

results obtained from these procedures. 
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I.  Pinit« and Di«cr«t« Fouri«r Tr«n«for»» 

In th« CAM of continuout data of infinit« longth, tho 

Pburior tranafora pair it th« diract tranafor» and tha invara« trana- 

fot».  loaatiaaa tha diract tran»for» ia %rr*ttan with a factor of I 

in front on tha intagral and tha invarta with a factor of 1/2- . 

»jantitiaa of intaraat. auch aa apactra. ate. involva aagnitudaa or 

aquaraa of ona tranafon and tha factor mat ba inaartad or takan 

out. o«F*ndin9 on örtlich definition ia uaad. to praaarva tha propar 

TVo drawback« of thaaa dafinitiona for digital coaf>uta- 

tiona ara apparentt  Firat. tha int^graia mat ba approxiaatad by 

•ima in tha digital coaputar. vnich iaplias that both tranaforma in- 

volva aaaplad vanablaa.  Sacond. tha infinlta liaita on tha ataaa 

arc iapoaaibla in practic«.  ri.arly, thaaa auaa auat ba truncatad. 

aa thay do not in ganaral convarga ovar a finita intarval.  Aa a 

raault, Founar tranaforma a.i auch ara navar raally coa^utad by a 

digital cooputar  inataad. tha coaylax aa«plaa of a diract trana- 

for» ara approxinatad by tha coaina and aina coafficianta of Founar 

series rapraaentation of tha input data. 

If V aaaplaa of tha data ara takan at agually apacad 

intarvala At - T/», tha intagrala bacoa» auaia. and tha frequency 

aua goaa fro« DC to tha folding fraquancy.  It waa found that a 

graat daal of aynaatry between the two tranaforma could ba pra- 

aerved if tha aua ia aurnaad up to M-l  Redundant pointa in tha 

apactru« ara included (ainca tha tranaforma ara periodic) but tha 

computational proceduraa ara iimplified 

It waa ahown that tha Mt of diract Fourier trana- 

form pointe, between DC and tha folding frequency, contained tha 

aame amount of information aa the real data aarica. which auggaatad 

that tha axiatanca of one tranaform ahould imply tha axiatanca of 

the other.     • 
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2.    1vo-«nd-Thr««-0MMn«ional Fourier Tranafonu 

Two- «nd thr««-dintnsion«l direct  Fourier transfona« 

•re m—n to be 

"r1 V1 

ACk^kj) '.  1 w,    2  2 

12 

I I       «<Wl -"2 (I) 

'.•■d 

/Ck^ky.kj)   -  I 

r2'3 

M^l     U2'l     H3-l 

I     I     I 
Jlm0     ^^     ^j"0 

x(jr J2.J3)  w^^S. 

•W^hfa w3*33k3       (2) 

By ••parating and breaking  up ti.^aa equation«,   it 

calculated that H    ♦ U    one-di»eneional  transform« ere required to 

ite  the  «ingle   t%«>-di»en«ional   traneforw,   «nd  that  B H    one- 

dimen«tonal  tranaforma and B    two-dinenaional  tranafonu are needed 

to coe^ute  the  «ingle  three-diraen«ional   tranafom. 

3.     speed-Up of Tranefor« Coe^uting Ti«e 

It wa« ahown that the process of transforning  ia 

equivalent  to matrix aultiplication by a matrix W,   which pre«erve« 

"length" between two doaaxna.     The Cooiey-Tukey  method  factor« the 

If natrix,   it  its order la e power of two.   into L ♦ 1  apar«e matrices, 

where L is the power of two.     Multiplying L ♦ 1  times by these  spert > 

matrice« can  in  some cases  reduce  the computing  time by many  tens of 

times. 
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4.  High-Sp«ed Co^TÄlation« «nd Convolutions 

By computing Pt»uri«r transform« with • finite Fourier 

••riee-Uke »ethod en ia^ortent condition ♦• put on the time eeries. 

M in regular Fourier eerie» the input ie •••umed to be periodic 

with period T «nd the integral« or «um« are computed over a »ingle 

period  There U «l«o the effect of cutting off the apectrum at 

the folding frequency.  Sine« and coaine« of finite wavelength will 

repeat again outaide the region of intereat.  Thi« fact in itself i« 

not botheraowa but become« a aeriou« complication in the computation 

of convolutiona and correlationa.  Convolutiona and correlation« aa 

uaually computed aaaume the time aeriea to be «ero outside the legion 

of intereat.  Therefore, the integrale or aum« in computing them are 

mmmt  out only over the non-»ero tenna.  When multiplying together 

two finite Fourier tranaform« (or the complex conjugate of one times 

the other) the periodicity of the tit» eerie« means that elements 

whicn havt been ahifted peat the end of a period reappear at the 

beginning.  Thia process is called circular convolution or correla- 

tion and ita effecta are unavoidable when straightforwardly comput- 

ing lagged products with finite Fourier tranaforma. 

Circular convolution xa written? 

lij 

T-l 
(t)   -      E 

f-0 

xA*)   x^t-M   ) (3) 

x  (t •♦• T)   - x  (t)   for all u. ■ m 

It was  shown that thia kind of correlation is equal 

to the tranefcr« of the abaolute product of the two finite trana- 

- 4 - 



•P" mm 

On the other hand the transient correlation for 

positive lags is defined by the following: 

T T-l-t 

=0 
X.(T) x.(t + T) 
1    3 

(4) 

where the upper limit on the sum simulates the desired zezca  in 

the time series outside the region of interest.  The finite 
T 

Fourier transform of this R is thus not the product of the two 

individual transforms   However, by filling zeros into the second 

half of each data series and computing their transforms out to 

twice their actual length, a good estimate of the spectrum may be 

obtained.  In ac'dition, the negative lags in the correlation appear, 

thus giving a more mathematically satisfying result. 

Transient correlations for 100% lags were shown to be 

computed by forming the absolute product of two transforms, each 

computed out to twice the length of the original data series with 

zeros filled into the second halves 

Non-circular or transient convolutions were also com- 

puted in much the same way, except that the transforms had to be 

computed out to a length equal to the sum of the lengths of the 

time series and the filter, with the appropriate number of zeros 

filled into each.  The convolution theorem was proved in the sane 

fashion and were computed by forming the product of the two trans- 

forms, each computed out to a length equal to their 

filled into the extra lengths 
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B'  R«yl«iqh Wave Hjjg^a Ky np.^, m Filterinq of y^,,^, 

Vertical arrayt offer some intriguing adventegee over other 

arrangements of eeiamometers  A.auming the noi.e to be composed of 

Rayleigh wavea and perhapa some mantle-propagating P-waveo. and 

«sauming the signala to be teleaeiamic P-wavo», the noi.e and aignal. 

will be recorded by a vertical array with aome rather apecial charac- 
teriatica. 

We can imagine that each mode of Rayleigh wave noi.a pos- 

aeaaea a random character common to noi?re functions in general. 

However, for each Rayleigh wave ^.ode the responso versus depth and 

frequency relative to its resporse on the surface is predictable. 

Because the relative depth variation la predictable, the vertical 

array can be summed to cancel the Rayleigh modes,  m contrast, 

the noise over a surface array is more unpredictable and more 

variable and, therefore, more difficult to cancel by array summation. 

The purpose of this analysis was to test the theory of 

applying maximum likelihood filters in vertical arrays in order to 

provide undistorted estimates of the signal or the various Rayleigh 

modes with the other modes cancelled out. 

A vertical array of five vertical component seismometers 

which existed m a well at the uinta Basin Seiamological Observatory 

(UBSO) was used for testing this theory.  The Rayleigh dispersion 

curves for this well indicated that the fundamental, first, and 

second higher Rayleigh modes would all be supported over the siqnal 

frequency range of 0.5 to 2.0 cPs-  since we wanted more recording 

levels than modes, these three Rayleigh modes plus a signal mode 

were the only ones considered to exist in our synthetic modeling 
of this well., 
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The optimum filter, G. «olution« «re the least squares 

inverse to the Rayleigh signal filter matrix, H.  Thus, the matrix 

products of G and H givea the identity matrix.  In our -.eat model 

we assumed the signal existed with the same size and amplitude on 

all traces  we derived optimum filter «olutiona only over the 

aignal range of 0.5 to 2.0 cpa.  For the frequenciea below 0.5, 

we smoothed the frequency responses to zero according to a ainusoidal 

gain function for both the H and G frequency reaponaea.  We smoothed 

these responses to zero in s similar way over the range from 2 to 

5 cps.  Also, the orthogonality of our optimum filter solutions were 

maintained over the entire frequency range. 

In order to demonstrate that our optimum filter aolutions 

were correct, we created some synthetic data which conformed to the 

well locf analyais we assumed for the UBO well.  These Rayleigh mode 

traces were combined with an artificial signal to produce a mixture 

of signal and Payleigh modes expected from this well. 

Figure 1 shows the data from the five levela of the 

vertical array if the signal plus the fundamental and the first and 

second higher Rayleigh modes have been added into the vertical array 

data.  The outputs for the signal and the three Rayleigh modes are 

reproduced in size and waveform within a few percent of the expected 

results.  The signal trace shows better thsn a 20 db improvement 

over the best signal/noise ratio available in the vertical array. 

Thus, the optimum filters perform as expected when the data proper- 

ties match the dispersion analysis of the well log. 

These solutions were then applied to actual noise data 

recorded at the vertical array.  All of the optimum filters used 

required inputs from all five levels of noise data.  However, we 
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L«v«l 1 

ÜBO SYHTHRIC 

DATA 8IOMAL PLUS 

fUMDAMEMTAL AND 

IST AMD 2m)  HIOHER 
iH/^VW^/lftMr'^ ^>^M/WWV^-^ 

L«v«l 4 

SIGNAL 
ESTIMATE 

TRUE 

SIGNAL 

PUnMUOfTAL 
ESTIMATE 

TRUE 
FUNDAMENTAL 

1ST HIGHER 
ESTIMATE 

TRUE 1ST 
HIOHER 

2ND HIGHER 
ESTIMATE 

^Mriftff^^ 

nmm    KM^M^V^WVAA^^W^ 
f^f:\k 

Pigura 1.  Optimum Filters Estimating Pour Modes 
(The Signal and Tbiee Rayleigh Modes) 
fro« Synthetic Data with all Pour 
Modes Present. 



could ask for estimates of only a single mode or for estimates of 

several modes in the filter outputs.  Th« mor« modes a set of 

filters estimate, the larger the filter gains will be.  It follow« 

that any errors resulting from incorrect dispersion analysis, in- 

strument calibrations, or non-parallel layering will be amplified 

much more in these filters with fewer degrees of freedom.  Results 

showed that the signal estimate outputs gave progressively increasing 

low frequency errors on the estimates of all modes as the degrees of 

freedom decreased (i.e., as the number of outputs increased). 

It was concluded that o-jr optimum filter solutions hava 

the following features: 

1. These filters are indeed orthogonal and separate the 

noise and signal modes as planned. 

2. These optimum filters extend for 400 points in time 

since the frequency interval chosen was 0.5 cps. 

3. The gain on the synthetic examples was greater than 

20db with solutions restricted to the 0.5 - 2.0 frequency rang«. 

More resolution in frequency could increase thi« figure. 

4. The optimum filters are zero phase shift filters. 

Therefore, they are algebraically additive. 

5. The optimum filters become larger in gains (both 

positive and negative) as degrees of freedom decrease, 

6. The optimum filters become larger in gains (both 

positive anf negative) as the aperture of array goes down. 

Thus, for low frequencies the solutions tend to becora« unstable. 

7. Extra modes not considered and error« in assumptions 

cause errors in the output.  Errors in assumptions can include an 

incorrect well log, non-parallel layering in surrounding medium, 

and incorrect calibrations of seismometers. 
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8. Extra degraea of freadom ara naadad to cut gaina of 

optimum filtera and make optimum aolutiona more tolarant of arrora. 

9. Extra dagraaa of fraadom ara baat obtained by incraaa- 

Ing tha number of aaianomatara in the vertical array. 

10. Nor« stable aolutiona (i.e., optimum filtera with 

lower gain) will be obtained rrom the deeper vertical arraya which 

have the aeiamomatera diatributed rather uniformly throughout the 

array. 

C.  LASA Travel-Time Data at the SDL 

In connection with ite roeny LA8A analyaea, the SDL ia 

accumulating relative travel-tinea at the Montana Large Aperture 

Seiamic Array (LA8A) with a view towarda computing travel-time 

anomaliea at the 21 aubarraya.  In the belief that theae raw data 

are in demand and may be of uae to the aeiamic community in general, 

a report waa iaaued which containa LASA uaval-time data for approx- 

imately 400 eventa, aa read from LASA filme. 

Figure 2 ahowa the type of data which haa been computed 

and the following numbered explanation, corresponding to the circled 

ir on the figure, deaenbaa the method of preientation: 

1. Arbitrary region name 

2. Direction of approach 

3. Distance range for evente included in region 

4. Azimuth range for eventa included in region 

9.  Event date end name 

6. PDE latitude 

7. PDE longitude 

8. PDE depth 

9. PDE origin time 
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10. Arrival time in second« (an arrival time of "0" 

indicated no reading made at that aubarray. 

First row, left to right;  Bl, B2, B3. B4, 
Cl, C2. C3 

Second row j  C4, Dl, D2, D3. 
D4. El, E2 

Third row :  E3, E4, Fl, F2, 
F3, F4, AO 

11. Arrival time, hour and minute at LASA 

D.  Energy Fluctuationa in Seismic Noise 

In recent years, statistical methods have been successfully 

used to predict the change in ambient seismic noise power sensed by 

burying a seismometer beneath the surface of the earth.  Observa- 

tions of seismic noise has indicated a large standing wave or Iso- 

tropie component composed of the admixture of many propagation modes. 

Statistical theories such as equipartition of energy have been reason- 

ably successful for deriving the excitation of the propagstion modes. 

Since such models are classically described by waves from a 

zero-mesn Gaussian population, the purpose of this study was to 

tentatively assume that the seismic noise is Gaussian and to try to 

reject the hypothesis by measuring the relative frequency of occur- 

rence of specific particle energies sequentially observed on samples 

of seismic noise.  As control for the study, the same frequency of 

occurrence observations were made of a thermal noise sample recorded 

on tape from a Gauaaian noise generator.  The energy envelope of 

Gaussian noise is theoretically described by a Boltzman or exponential 

probability function, thus the fit of a atraight line to the log of 

the relative frequency of occurrence is a test of the Gaussian hypoth- 

esis.  Two tests were used; one was the chi-square test of the devia- 

tion from the least squares strsight line; the other, more powerful 
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test, compared the variance of the seismic noise and that of the 

Gaussian noise generator. 

Three hours of seismic noise was selected which appeared 

to be typical of the normal ambient background.  The noise was 

measured at a depth of 7,452 feet in a deepwell near Apache, 

Oklahoma  The near surface layering is described as high velocity 

limestones of approximately 6 km/sec overlying an igneous basement 

complex of velocities in the neighborhood of 5 km/sec. 

As shown on Figure 3 for seismic noise, the relative fre- 

quency of occurrence is given by the vertical axis, and »he class 

interval in order of increasing energy is shown on the norirontal 

axis, on each plot, the center frequency and effective bandwidth 

of the filter is labeled,  on Figure 4. the same information i« 

shown for the Gaussian noise generator.  Comparing Figure 3 with 

Figure 4, the scatter from a linear trend is the ease overall for 

both sets of data, seismic and Gauaaian ge..erster. 

Baaed on the chi-aquare teat, it is more than 99% probable 

that samples at all of the frequencies are fro« a aero awan Gauaaian 

population.  The hypothesis that the claaa deviation of the seismic 

noise sample and the thermal noise sample are fro« the aaoe random 

population ia rejected only for the sample at 1.4 cps, suggesting 

that a non-Gauaaian co«ponent «ay be included with the ooiae in 

thia band,  if we accept the Gauaaian hypotheaia, theoretical in- 

tereat in the power spectral density of the noise «ay bear ultimately 

on diaaipation nechaniaaa and «ay possibly lead to analyaia of 

geological atructur«. with the real changes m the power apectru« 

in a region depending priaarily on changes in structure,  of «or« 

practical mtereat ia that «odern literature on detection and fil- 

tering is nost meaningful in the context of aeia«ic aignala added 

to Gauaaian noise. 
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E. Shot «nd ETthquake Analyi 

Standard statistical sunanary reports were issued on the 

Test Site (NTS) events TAN and HALF B AK.  TAN, detonated 

on 3 June 1966 in a tuff geologic medium, had an evcrage magnitude 

of 5.56 ♦ 0.49: short-period signals were recorded by 22 stations 

and long-period signals were recorded by 21 stations.  HAL. BEAK, 

detonated on 30 June 1966 in a rhyolite geologic medium, had an 

average magnitude of 6.02 ♦ 0-60, with short-period and long-period 

aignals being recorded by 21 and 20 station*, respectively. 

Figure 5, showing the Lg amplitudea for TAN and HALF E£AK, are 

illuatrative of the statistics summarised from these snalysee. 

ether projecta coapleted included the following: 

- signal albums (photographic enlsrgements of 1   16 mn 

and 35 «m film records for the LRSM and observatory 

stations) from 5 events. 

- analysis of 575 events for a special long-period study 

• film analysis of CPSO noise 

- special LASA Pep study 

F. vertical Array Teleaeiamc Signal Measurwants 

The concept of a vertical array is to record «imultaneously 

on several tranaducera atacked in a deepwell 3 km or worm in  depth. 

The purpose of this study was to investigate the possibility of 

reducing near surface reverberations due to geological effects near 

the vertical array receivers, based on procedure« established over 

a peiiod of tia» in reflection eeiaaology. where vertical atacking 

of an explosion source is used to remove distortion of near surface 

layering, eamly the ghost reflection fro» the surface.  By reci- 

procity, the seat algonthea developed for atacked sources can be 

applied to atacked receivers by reversing the sign of the reflection 

coeffirients. 
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The data used were three events recorded it a deepwell, 

each having different focal depths and different apparent fre- 

quencies. 

Pafore developing the deghosting technique, the deepwell 

trace was simulated from a surface seismogram.  if a deepwell trace 

can be simulated by adding only an echo from the surface, it seems 

entirely plausible that by removing the nhost reflection from the 

deepwell trace, the up-going P-pulses can be made to appear similar 

at each depth. 

Two deghosting techniques were developed as follows: 

1. When a surface or near surface trace is available, the 

deghoated trace can be constructed by simply shifting the surface 

trace by K. multiplying a »s a, and subtracting this resultant from 

either the deepwell trace (phased vertical array) or the deepwell 

trace shifted by K/2 (non-phased vertical array). 

2. it would seem more plausible to develop a deghosting 

process that removes the echo without the use of a surface seismo- 

gram, a practical technique that would figuratively push the ghost 

off the end of the deepwell trace. 

Given the reflection coefficient a , and the deepwell 

trace Y.^ the phased dcghosted trace is formed as follows:  First a 

new trace Z,   is defined to be 

zia " Yi,i - x(i - Wi) • V 

where NT1 is equal to the product of the sampling rate and the echo 

time delay (K).  This above equation simply shifts and invvrts the 

ghost to a point N^ farther down the seismic record than it originally 

was.  This iterative process is continued until the ghost reflection 

is pushed off the seismic record. 

13 - 
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Results tended to ahow that vertical array procaaaing, 

based on previous experience with atacked aourcaa, appears to br 

an effective means of reducing the reverberationa and complaxity 

of the coda caused by near aurface reverberationa at the receiver. 

in Figure 6, the firat two traces show the raw data measurements 

and its correlation traces, the next two traces show the phased 

deepwell measurements deghosted by subtraction of th« surface 

measurement, and the last two tracea ahow the phaaed deepwell 

measurements deghosted by means of an inverse operator which removes 

the surface echo.  Both deghoating methoda performed adequately. 

The correlation trace for the inverse operation had a alightly claanar 

coda and this method has the advantage of not requiring a quiat aur- 

face trace and exact control of inatrument gain.  The correlation 

traces used for detecting the upgoing P-pulses impose the atrongeat 

po.-aible requirement that ehe signal be fixed jointly on all channala. 

III.  SUPPORT AND SERVICE TASKS 

A.  VELA UNIFORM Data Services 

As part of the contract work-statement, the SDL provided 

one or more of the following support and aervica functiona for VSC 

and other VELA participanta: 

- copies of 16 and 35 mm film 

- playouts of earthquakes and special eventa 

- copies of existing composite analog tapes 

- composite analog tapes of special events 

- use of 1604 computer for checking out new programs 
or running production programs 

- copies of digital programs 

- digitized data in standard formats or special formats 
for use on computers other than the 1604 

- 14 - 
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- running SDL production program«, «uch a« power 
spectral density and ar.ay processing, on 
specified data 

- digital x-y plots of power spectra or digitized 
data 

- signal reproduction booklets 

- copies of MIT Geophysics Program Set II 

- space for visiting scientists utilizing SDL fa- 
cilities to study data and exchange information 
with SDL personnel. 

During this report period, 80 such projects, including those 

for the VELA Seismological Center, were completed and the 18 organ- 

izations receiving these services are listed in Appendix B 

B.  Data Library 

The Data Library contains approximately 7,484 digitized 

seismograms, 165 digital computer programs and 296 composite analog 

magnetic tapes, all available for use by the VELA UNIFORM program. 

The following additions were made during this report 

period: 

1. Digital Seismograms - 750 including 

- 8 earthquakes recorded at one station 

- 2 earthquakes recorded at 24 stations 

- 6 earthquakes recorded at 85 stations 

- long period data from 7 earthquakes 

2. LASA Data - 180 digital tapes and 210 16mm films 

- there are a total ot 703 LASA digital tapes and 
354  16mm films in the library  There is also 
a master calibration tape which containc the 
magnification (digital counts per millicrcn) of 
each sensor for every subarray.  These magnifi- 
cations have been computed for all calibration 
tapes currently in-house.. As each new calibration 

is received, it is routinely run through the 
program CALIBR and added to the master tape. 
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3. Digital ProqztmM -   15 Including« 

SVARRAY - To procei« vertical array data alignad for 

firit P-inotion. 

FASTPIL - To broadband past filter Baiamograros. 

GOSTSEIS- To procasi vertical array data. This package 

remove» ghoet reflection, form» two »u» traces - one the deepwell, 

the other the deghosted deepwell and compute« a recursive corre- 

lation trace using the deghosted deepwell data.  Plots are obtained 

of each deepwell and deghosted deepwell seisroograro, the surface 

trace, the two above sum traces and the correlation trace. 

DEGSEIS - To deghost vertical array seismograms given 

an echo-time and reflection coefficient for each seismograro.  In 

addition, a sum trace of the deepwell traces, and a sum trace of 

the aligned-deghosted-deepwell traces are computed. Also, the 

component which is jointly correlated on all aligned-deghosted- 

deepwell traces is computed.  Furthermore, this program plots all 

deepwell and deghosted deepwell tracos. the pair of sum traces, 

and the correlation trace. 

SGOSTSEI - Ibid "Vertical Array Processor Package I but 

uses subroutine SDEGOSTE instead of DEGOSTE. 

SDEGSEI - To remove ghost reflection on vertical array 

seismograms aligned for first P-motion. ^iven only the echo-times 

and reflection coefficients.  In addition, sum traces of both the 

aligned deepwell and alr.gned-deghosted-deepwell traces are computed. 

Also, the component which is jointly correlated on all deghosted 

raismograms is computed.  Furthermore, plots are obtained of all 

deepwell and deghosted deepwell traces, the surface trace, the two 

above sum traces, and the correlation trace. 

VARRAY - To process vertical array data. 

RESPONSE - Tc calculate and plot in k-space the response 

of an array of seismometers with respect to the reaponse of the 
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same array to waves with infinite phase velocity (i.e., number of 

db down from zero). 

ABKL - To find the maximum absolute value of a  fixed or 

floating point number in an array and the FORTRAN subscript of 

the arra\ element. 

ROOTMNSQ - Using standard library seismogram tapes and 

LASA calibretion tapes, this program will compute the swan over 

any portion >f any ciannel for a particular seismogram, demagnify. 

filter or not filter (SUL and L/L coefficients available), and then 

compute the «IS value over any length of the channel desired. 

K;CFIL3 - To perform one-pass shift recursive filtering 

of seismic data given the Q-value, center frequency, and sampling 

rate. 

REVERSE - To time reverse or flip seismic data. 

COLYTUKY - To compute Auto-spectra, Cross-spectra, Auto- 

correlations and Cross-correlations by using the COO'EY-TUK1Y 

method. 

CNTUR4 - Writes printer plot of the contours of a two- 

dimensional array. The contours are formed by shading the area 

between level 21 and level 21+1. This display is superimposed 

upon either a grid work or a border with tick-marks. The contour 

levels may be specified individually, or by the increment between 

levels.  In addition, provision has been made to allow the ori- 

entation of the array to be altered by either exchanging the rows 

and columns or reversing either the rows or the columns. 

GRTZEL - To compute the Fourier series expansion of a 

roal-valued even function, or the real-valued even function of a 

real-valued Fourier series expansion. 

4. Analog composite Tapes - 13 includingt 

a. Made by SDL 

- 9 special composites 
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b. Made by G«ot«ch 

- DUMONT 

- HALF BEAK 

- PILE DRIVER 

- TAB 

C. Cata Conpreaaion 

This is a continuing routine operation, and production 

is Maintained at the level needed to meet the requirenents of the 

field operation (LRSH and U.S. Observatories) and the Seismic Data 

Laboratory. For this period«  3,767 tapes were compressed. 

D. Equipment Modifications 

The A/D system has been modified so that the digitizing 

rate can be synchronised to VELA Time Code, thus minimising speed 

differences between analog recordings from different stations. 

The Pace 231-R analog computer has been modified to 

provide additional gain input to each amplifier so that both do 

not have to be utilised when increasing gain. 

E  Automated Bulletin Process 

July and August 1966 LRSM and Observatory bulletins vere 

processed duving this report period and forwarded to the Geotech 

Division, Teledyne Industries, Inc., for checking and publication. 

P.  Special Data Processing 

A 1604 program has been written to put the LASA slow mode 

data tapes into the SDL library format.  Either the short period 

center instrument data or the long period three component data can 

be processed. 

A 160-A program has been written for D to A conversion 

of the LASA slow mode tapes.  Thus DAC playouts can be made 

directly from the 800 bpi LASA field tapes. 
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